Background: Recent studies have demonstrated telomerase expression in ophthalmologic sebaceous carcinoma and have suggested possible diagnostic utility in distinguishing these neoplasms from sebaceous adenomas. The aim of this study was to evaluate telomerase expression via human telomerase reverse transcriptase (hTERT) immunohistochemical staining in a spectrum of sebaceous lesions of the skin. Methods: Paraffin-embedded sections from sebaceous hyperplasia (11), nevus sebaceus (22), sebaceous adenoma (19), sebaceoma (11), and sebaceous carcinoma (14) were evaluated for intensity (0 to 3+) and pattern of anti-hTERT staining. Results: Strong (2 to 3+) hTERT staining was observed in nucleoli of germinative cells and immature sebocytes in all sebaceous lesions, whereas mature sebocytes were negative. The distribution pattern paralleled features seen by routine haematoxylin and eosin-stained sections. Conclusions: All hyperplastic and neoplastic sebaceous skin lesions expressed hTERT in this immunohistochemical study. The pattern of staining was predictive of the histologic pattern of the process but does not significantly add to our diagnostic armamentarium of sebaceous lesions.
Telomeres are tandem nucleotide repeats, (TTAG-GG) n , located at the ends of chromosomes in all vertebrates; they function to protect chromosomes from degradation and aberrant recombination during replication. [1] [2] [3] [4] [5] Telomere length or number of repeats, in turn, is maintained by the ribonucleoprotein DNA polymerase complex, telomerase, although alternate pathways exist. 6, 7 This complex is composed of an RNA moiety (hTR) and an RNAdependant DNA polymerase (hTERT). Telomerase expression is repressed in most human somatic cells, resulting in progressive loss of telomeres and shortening of chromosomes with successive cell divisions. Eventually, chromosomes reach a critical length at which cell division ceases, senescence begins, and the cells ultimately undergo apoptosis or cell death. 8, 9 In addition, telomerase activity has been detected in germline cells, somatic cells during fetal development, germinal centres of lymph nodes, regenerative epithelium of the gastrointestinal tract, proliferative endometrium, the bulge region of hair follicles, stem cells of the epidermis, sweat glands, and sebaceous glands. [10] [11] [12] [13] [14] [15] [16] [17] Immortalized cell lines of a vast array of human cancers, such as breast, colorectal and ovarian cancers, and melanoma, have been shown to overexpress telomerase. [18] [19] [20] [21] [22] [23] [24] In addition to melanoma, several other cutaneous neoplasms have been shown to express telomerase, including basal cell carcinoma, in situ and invasive squamous cell carcinoma, eccrine carcinoma, poroma and porocarcinoma, trichilemmal carcinoma, common acquired and Spitz nevi, and seborrheic keratosis. 16, 17, [25] [26] [27] Thus, telomerase is reputed to play a role in the unregulated proliferation and ultimate immortality of somatic cells in a variety of benign and malignant tumors. [28] [29] [30] [31] [32] Telomerase has been identified in sebaceous carcinoma of the orbit, but not in sebaceous adenomas, by using both Telomerase Repeat Amplification Protocol (TRAP) and in situ hybridization (ISH) assays. Thus, a possible diagnostic role for telomerase in sebaceous lesions is suggested. 33, 34 Previous studies have reported telomerase expression in sebaceous glands of normal skin. However, telomerase expression has not been evaluated in extra-ocular sebaceous lesions to date. 16, 17 The goal of this study was to evaluate immunohistochemical staining for human telomerase reverse transcriptase (hTERT) expression in paraffin-embedded sections of a spectrum of hyperplastic and neoplastic sebaceous lesions of the skin to determine whether this method aids in differentiation among these lesions and to compare our results to those reported for ophthalmologic sebaceous tumors.
Materials and methods
Formalin-fixed, paraffin-embedded archival tissue blocks from 11 sebaceous hyperplasias, 22 cases of nevus sebaceus, 19 sebaceous adenomas, 11 sebaceomas, and 14 sebaceous carcinomas were retrieved following a SNOMED search of our laboratory data system. The diagnoses were rendered by one of three staff dermatopathologists on the Dermatopathology Service at the University of Michigan. Four cases (two sebaceous adenomas, one sebaceoma, and one sebaceous carcinoma) were diagnosed in patients known to have the Muir-Torre syndrome.
Immunohistochemical staining for hTERT was performed on all 77 sebaceous lesions. Briefly, 4-mm thick sections were cut and placed on charged slides. The slides were deparaffinized, rehydrated, and endogenous peroxidases were blocked by incubation with 3% H 2 O 2 . Antigen retrieval was accomplished by incubating the slides with 10-mM citrate buffer at pH 6.0 and microwaving for 20 min. The slides were stained with a primary monoclonal antibody to hTERT (1:50; Novocastra, Newcastle, UK). The primary antibody titer used in this study was selected based on the dilution that produced an optimum staining pattern as judged in titration studies performed on tonsil and melanoma tissue microarray controls and was in concordance with the manufacturer's recommendation. Immunohistochemical staining was performed on a DAKO Autostainer (DAKO, Carpinteria, CA, USA) using DAKO LSABþ and 3,3 0 -diaminobenzidine as the chromogen. The slides were counterstained with Mayer's haematoxylin. Positive and negative control slides were included. The staining intensity was scored semiquantitatively (negative/0, weak/1+, moderate/2+, strong/3+) with attention to cellular distribution and overall pattern of staining by all three observers, including two board certified dermatopathologists (LDS and DRF), with excellent concordance.
The Institutional Review Board of the University of Michigan has exempted this study from further review.
Results

Demographics
The 11 sebaceous hyperplasias came from the face of patients ranging from 27 to 89 years of age (mean 58, median 51). Nineteen sebaceous adenomas came from 18 patients ranging from 54 to 89 years of age (mean 70, median 71). With the exception of two cases (shoulder, chest), the sebaceous adenomas were located on the face. Eleven sebaceomas from 10 patients, 30-79 years of age (mean 57, median 55), were predominantly observed on the face, with the exception of three cases (shoulder, 1; back, 2). Fourteen sebaceous carcinomas arose in patients ranging from 49 to 92 years of age (mean 71, median 73) and were primarily located on the face, with the exception of three cases (chest, 1; back, 2). Twenty-one samples of nevus sebaceus came from the head and neck (primarily the scalp) of 20 patients ranging in age from 1 to 61 years of age (mean 17, median 15). All samples were from extraocular locations.
Many of the patients with sebaceous neoplasms had comorbid cutaneous neoplasms (basal cell carcinoma or squamous cell carcinoma). Seven patients had comorbid visceral malignancies (lung, colon, ovary, endometrium, and urinary bladder). Of these seven patients, four had undergone formal genetic counseling and testing to document hereditary non-polyposis colorectal cancer (HNPCC)-associated abnormalities and were found to have the Muir-Torre syndrome. One sebaceous adenoma and one sebaceoma were diagnosed in patients with MLH-1 deletions, whereas one sebaceous adenoma and one sebaceous carcinoma were identified in patients with MSH-2 mutations.
Staining
All 77 sebaceous lesions showed some degree of positive staining for hTERT, with localization of staining in germinative cells and immature sebocytes across the spectrum of lesions in this study. The vast majority of positive cells displayed intense dot-like nucleolar staining (2 to 3+); nuclear and cytoplasmic positivity was also noted, however, it was focal and generally less intense. Mature sebocytes were consistently negative. This distribution of staining imparted a pattern parallel with and predictive of hTERT in sebaceous lesions the morphology seen by routine hematoxylin and eosin-stained sections.
The hTERT-positive cells observed in sebaceous hyperplasia and nevus sebaceus lesions were limited to the outer rim of the sebaceous lobules, corresponding to the germinative cell and immature sebocyte layers (Fig. 1) . Sebaceous adenomas contained a greater number of more densely spaced positive cells because of staining of expanded layers of germinative and immature sebaceous cells. The hTERT staining highlighted the orderly growth of sebocytes and maintenance of a normal lobular polarity in these lesions (Fig. 2) .
Sebaceomas and sebaceous carcinomas contained a higher percentage of hTERT-positive cells when compared with sebaceous adenomas. However, staining was distributed more diffusely throughout sebaceous lobules, highlighting an increase in architectural disorder of the lobules and loss of lobular polarity. This random distribution of hTERT was similar in both types of lesions, such that they could not be distinguished based on hTERT staining alone (Figs 3 and 4) .
There were no differences in morphology or telomerase staining intensity or distribution between patients with the Muir-Torre syndrome and the remainder of the study set.
A similar nucleolar pattern of hTERT staining was detected in keratinocytes of the epidermis and follicular epithelium, normal sebaceous lobules, and sweat glands. This staining pattern is consistent with previous observations of hTERT staining in normal skin.
16,17
Discussion This study confirmed that hTERT can be reliably detected in paraffin-embedded sections by immunoperoxidase staining. In fact, all sebaceous lesions stained, to some extent, in an intense (2 to 3+) nucleolar pattern. As previously noted, we also identified immuno-positivity in normal structures, such as normal sebaceous lobules and sweat glands, hair follicle epithelium, and keratinocytes at all levels of the epidermis. 16, 17 However, the staining seen in these normal structures was generally less intense, and more punctate or dot-like, relative to that of the neoplastic lesions.
Among the sebaceous hyperplasias and neoplasms, hTERT staining localized to the germinative cells and immature sebocytes. The staining intensity in these cell types was fairly uniform across the spectrum of lesions examined, regardless of the degree of differentiation. The differences noted between sebaceous lesions were in the distribution of the positively staining cells and not in the staining per se. As such, no quantitative differences between lesions were discerned.
On the basis of density and distribution of hTERT-positive cells, three groups of lesions could be identified. The first group, comprising sebaceous hyperplasia and nevus sebaceus lesions, contained a low density of positive cells that were regularly spaced and limited to the outer rim of sebaceous lobules. The second group had greater numbers of positive cells, displaying orderly growth and appropriate polarity within lobules, corresponding to sebaceous adenomas. The last group had the greatest number of positive cells, which were diffusely distributed throughout lobules in a disorganized fashion, with loss of the normal lobular polarity; this group consisted of sebaceomas and sebaceous carcinomas. We could not reliably distinguish sebaceomas from sebaceous carcinomas on the basis of hTERT staining intensity or pattern. Overall, the hTERT staining results correlated well with the diagnosis rendered on routine histologic examination and did not provide additional diagnostic information.
In recent studies, Li et al. studied a series (55 cases) of sebaceous carcinomas by TRAP and then ISH for hTR and hTERT and found them to be positive by ISH in 85 and 58% of their cases, respectively. In contrast, four sebaceous adenomas and adjacent uninvolved skin in their study were negative, suggesting a possible diagnostic role for telomerase ISH in the evaluation of ocular sebaceous neoplasms. These findings differ from the uniform strong hTERT staining across the spectrum of sebaceous lesions seen in our study. The reason for this difference is not entirely clear but may reflect differences in the methodologies used. Of their positive cases, many displayed only weak or moderate intensity (<50% of 'signal area'). This could represent lower sensitivity of their ISH method because of weak indicator signal level or possibly loss of nucleic acid in their archival paraffin-embedded tissue. Li et al. also reported an inverse relationship between hTR and hTERT levels and the degree of morphologic differentiation. Although we did not note difference relative to the degree of differentiation, this is at least superficially similar to our finding of hTERT localized and distributed in the more immature cells of the lesions.
There was no difference in telomerase staining in the cases from patients with the Muir-Torre syndrome compared with sporadic sebaceous neoplasms. However, we cannot exclude the possibility that some of our cases considered to be sporadic were not early manifestations of the Muir-Torre syndrome, because not all the cases were evaluated for mutations in mismatch repair genes. The MuirTorre syndrome and HNPCC genotype/phenotype imply a predisposition to carcinogenesis through mutations in the DNA mismatch repair system or alternate pathways, as recently described by Goldberg et al. 35 Intuitively, this is upstream in the pathway. Although up-regulation of telomerase is required for ultimate immortalization of cells, its role in carcinogenesis is unclear. These data suggest that the genetic alterations seen in HNPCC are independent of telomerase expression. Although it appears that telomerase expression cannot be used as a surrogate marker for the Muir-Torre syndrome, the number of patients with documentation of this condition was low in this study and, therefore, limits the interpretation of the data in this subset of patients.
In summary, hTERT expression was found in hyperplastic, hamartomatous, and neoplastic sebaceous lesions of the skin, as well as many normal skin structures. Staining intensity was uniformly strong, predominantly in a nucleolar pattern. Reproducible hTERT staining of germinative and immature sebocytes resulted in separation of extraocular sebaceous lesions into three groups: sebaceous hyperplasia and nevus sebaceus; sebaceous adenoma; and sebaceoma and sebaceous carcinoma. The overall staining pattern for hTERT confirmed the diagnosis rendered on routine histologic examination and does not seem to provide additional diagnostic information. Additionally, no difference was noted in the cases of the Muir-Torre syndrome. As such, hTERT offered no apparent diagnostic utility for sebaceous neoplasms.
